SUMMARY Pentoxifylline, 0.30 mg/kg/min, significantly reduced cerebral blood Bow by 10-44% in 19 of 23 regions studied in conscious spontaneously hypertensive rats. Bilateral ligation of the common carotid arteries reduced cerebral blood Bow to 24-46% of resting values in 20 structures; a further reduction to 10-27% of resting values was seen after pentoxifylline in 10 cortical or subcortical structures. Thus, in conscious hypertensive rats, there is no evidence that pentoxifylline redistributes blood flow from normal to low Bow brain regions. Pentoxifylline did not reduce the metabolic rate of glucose.
"
2 pentoxifylline (l-(5-oxohexyl)-3,7-dimethyl-xanthine) has been claimed to increase cerebral blood flow in both normal and ischemic tissue, 3 -3 although this has not always been observed. 6 Pentoxifylline has been claimed to improve cerebral circulation and function in patients with cerebrovascular disorders 5 ' 7 - 8 and to reduce cerebral edema. 9 The amelioration has been attributed mainly to rheological effects of pentoxifylline such as enhanced red cell deformability and modification of coagulation parameters. 10 ' " The effect of pentoxifylline on cerebral hemodynamics has, however, been little studied under standardized conditions. Hypertension is the main risk factor for stroke, hence it is essential to evaluate the effect of pentoxifylline on the hypertensive vasculature. In contrast to normotensive rats, bilateral ligation of the common carotid artery in spontaneously hypertensive rats (SHR) leads to ischemic brain lesions. 12 " 14 To evaluate the hemodynamic effect of pentoxifylline, regional cerebral blood flow (rCBF) was determined with a high resolution technique" in conscious SHR with or without bilateral ligation of the carotid arteries.
The following questions were asked: i Does pentoxifylline alter cerebral blood flow in conscious hypertensive rats? ii Does pentoxifylline increase or decrease cerebral blood flow in ischemic tissue? iii Does the drug alter the cerebral metabolic rate of glucose?
Material and Methods
Male spontaneously hypertensive rats (SHR), 4-5 months of age, were anesthetized with methohexithal (Brietal) and the tail artery cannulated for continuous recording of mean arterial pressure (MAP) and sampling of blood for determination of pH, blood gases, glucose and hematocrit. A tail vein was cannulated and used for injection of heparin, drugs and isotopes. The body temperature was recorded with a small thermister in the rectum. After termination of anesthesia the rat was placed in a Perspex cage 16 and allowed a 2 hour recovery period before the administration of pentoxifylline, 0.3 mg/kg/min.
Regional Cerebral Blood Flow Determination
Twenty min after the start of the infusion of pentoxifylline, 35 /xCi of 14 C-iodoantipyrine was infused for 45 s at a constant rate. Arterial blood samples were taken every 5 seconds for determination of 14 C activity by liquid scintillation. At 45 s the rat was decapitated and immersed in isopenthane and stored at -70°C. Twenty /Am thick sections were cut in a cryostat at -20°C, applied to x-ray film (Kodak SB5) and exposed for one week together with a set of calibrated standards. The optical density was measured in 24 brain structures on at least three consecutive coronal brain sections on specified levels (300 fim apart) using a transmission densitometer with an aperture of 1 mm. Regional CBF was calculated according to Sakurada etal. 15 Cerebral Metabolic Rate of Glucose Fifty /u.Ci After the insertion of catheters as described above, the rats were allowed to wake up. When MAP had stabilized in the conscious rats, the rats were briefly reanesthetized and both common carotid arteries ligated," the skin closed and the wound infiltrated with local anesthetics. Forty min after the ligation of the carotid arteries, when the rats were fully awake, the infusion of pentoxifylline (0.3 mg/mg/min) was start- •Before the start of the infusion of pentoxifylline PaCO? was 36 + 6 mm Hg.
ed. Twenty min later rCBF was performed as described above.
Statistical differences were evaluated with analysis of variance (ANOVA) using Newman-Keuls test to differentiate between groups. The number of rats in each group is given in the tables.
Results
The physical parameters at the start of the experiments and at the time of sacrifice are given in table 1. Maximum MAP after the carotid ligation was 220 ± 26 mm Hg in control rats (Group C) and 223 ± 9 mm Hg in group D (rats later given pentoxifylline). Forty min after the ligation, i.e. when the infusion of pentoxifylline started in group D, MAP was 199 ± 8 mm Hg in group C and 205 ± 5 mm Hg in group D. Five and 20 min later the corresponding values were 193 ± 9 and 201 ± 9 mm Hg in group C and 212 ± 4 and 199 ± 6 mm Hg in group D. At no time were the differences between the groups significant.
As seen in table 2, pentoxifylline significantly reduced CBF in 19 of 23 regions studies in conscious hypertensive rats and increased flow in one (nucleus accumbens). Ligation of the common carotid arteries significantly reduced CBF to 24-46% of resting values in the same 19 regions as pentoxifylline and also in nucleus accumbens. In ten of these regions, pentoxifylline significantly further reduced the flow to 10-27% of resting levels. PaCO 2 fell initially in both groups after ligation of the carotid arteries. During pentoxifylline injection, PaCO 2 decreased further from 36 to 33 mm Hg; hence at the end of the experiment, PaCO 2 was significantly lower in this group. The blood glucose increased after the ligation in both groups. The cerebral metabolic rate of glucose did not change after pentoxifylline administration (table 3) .
Discussion
Because of an altered vessel wall to lumen ratio, hypertensive rats can autoregulate at higher blood pressure levels than normotensive rats. 20 ' 21 At the present level of MAP, CBF does not differ from normotensive rats. 22 Several studies have shown that SHR develop ischemic brain lesions after bilateral ligation of the carotid arteries.
12 - 14 In man, monkey and cat, the critical level for ischemia is 15-18 ml/100g/min, i.e. about 35% of the resting levels. The critical flow in the conscious rat, with normally much higher rCBF particularly in the gray matter, has not been established. The lowest rCBF in cortical structures after bilateral ligation of the carotid artery was 10% of the resting flow. The further reduction in flow after pentoxifylline indicates a vaso- constrictory effect of pentoxifylline even under low flow situations. A beneficial effect of theophylline in patients with cerebral vascular disorders have been attributed to redistribution of blood from normal to ischemic areas. 5 In the present study on hypertensive rats, no flow redistribution was observed.
The results show that pentoxiphylline significantly constricts cerebral vessels during control as well as low blood flow situations in hypertensive rats. This agrees with earlier studies on theophylline. 23 ' 24 The metabolic rate of glucose did not change after the administration of pentoxiphylline, thus the flow reduction can not be secondary to low metabolism. Nor can it be attributed to hypocapnia since PaCO 2 did not differ between control rats and rats given pentoxifylline. However, in rats with bilateral ligation of the carotid artery, the PaCO 2 was significantly lower after the administration of pentoxifylline, most likely a reaction to the low flow rather than the course. This interpretation is supported by the fact that the flow in nucleus ruber, substantia nigra and cerebellum was not further reduced after pentoxifylline.
The present results do not agree with some earlier studies on pentoxifylline, indicating an increase in blood flow in normal as well as ischemic tissue.
"
3 The doses used in clinical studies have been slightly higher (10-20 mg/kg) than in the present study (0.3 mg/kg/min for 20 min; that is 6-7 mg/kg). Thus, difference in dose or species could possibly account for some of the discrepancy. Furthermore, the effect of hypercapnia and vasoactive drugs varies with the competence of the collateral circulation in ischemia. It should therefore be kept in mind that the present study was performed on hypertensive animals. The cerebral circulation has a reduced capacity to maintain perfusion pressure distal to a compression of the carotid arteries in hypertensive man 23 and hypertensive animals." In addition to such presumably structurally based alterations of the cerebrovascular bed, 20 the sensitivity to vasoactive substances may differ in the hypertensive and normotensive vasculature; 26 thus, the vascular reaction to pentoxifylline per se could be altered in hypertension.
A normal metabolic rate of glucose, combined with a low flow, as in the present experiments, would seem to be an unfavourable situation during impending ischemia. Pentoxiphylline has been reported to have a beneficial effect on cardiac ischemia in the cat in the dose used in the present study. 27 In a preliminary report, the drug was also claimed to maintain energy stores in ischemic brain tissue. 28 Further studies are needed to establish if in fact pentoxiphylline has a protective effect on brain tissue during ischemia and, if so, to reveal the mechanism.
